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Abstract 
Osteogenesis imperfecta represents a severe disease that considerably limits children’s possibility to move and develop their 
capacity for effort. Bone fragility creates real problems for didactic and recovery interventions. Our paper treats about a 
system of means used in the aquatic environment, considered to be efficient for the development of the capacity for effort and 
movement in children diagnosed with this disease. We started from the theoretical hypothesis that, through a carefully 
structured program performed by these children in an aquatic setting, the quality of their life can be improved. 
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1.  Introduction 
Osteogenesis imperfecta (OI) is a congenital connective tissue disorder, characterized by bone fragility or 
brittleness. Initially called “the brittle bone disease”, it refers to a deficient production of collagen, which is the 
major fibrous protein in the bone content. Collagen is also a constituent of skin, tendons, sclera and dentin (the 
main part of a tooth, according to Chiasson, Munns and Zeitlin, 2004).   
This incidence of this disease is relatively rare. It affects 1 in 15,000 or 20,000 people, regardless of their race 
and gender. The estimation does not include the mild forms of the disease, which can escape observation.  
The OI most common consequence is the emergence of multiple and recurrent fractures, without major 
traumas. The brittleness degree considerably differs from one person to another and this fact determines the 
variable number of fractures that may attain some hundreds (Puiu, 2007) Hereditary issues must be taken into 
account because, if one parent is affected, each descendent has 50% probability to be affected, too. 
* Sabina Macovei. Tel.: + 40 78 936 366; fax: + 40 21 3120400 
E-mail address: sabina_macovei@yahoo.com 
Available online at www.sciencedirect.com
 2013 The uthors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of ICPESK 2013.
68   Sabina Macovei and Radu-Ştefan Mandache /  Procedia - Social and Behavioral Sciences  117 ( 2014 )  67 – 73 
Except for the fractures, OI may also present the following associated disorders: 
 arm, calf or spinal curvature (in the last case, scoliosis or kyphosis), skeleton deformations, short height; 
 increased laxity at the joint level, sprains, contusions; 
 blue scleras, reduction or even loss of hearing; 
 dental malformations (imperfecta dentinogenesis); 
 cardiac valve insufficiency; 
 fatigue; 
 excessive sweating (Puiu, 2007).  
As this disease is very difficult to approach, and we strictly refer here to the recovery and improvement of the 
affected persons’ condition, OI can be optimally “attacked” and prevented in the aquatic environment. This 
represents the most efficient setting to develop the capacity of effort and movement in persons suffering from OI, 
because we think that the risks are minimal and the program outcomes can be maximal. 
Related to the effort capacity, it depends on the energetic consumption characteristics, as well as on the 
patient’s age, health condition, gender and training level. These aspects are essential, that is why they must be 
taken into consideration in sports training, but also in the implementation of programs for the recovery through 
exercises (Cordun, 2009). In the case of persons suffering from osteogenesis imperfecta, the exercise programs 
actually represent training sessions adapted to the objectives established in the recovery program. 
In accordance with the above-mentioned aspects, the present paper had for goal to produce a theoretical-
methodical approach related to the modalities through which the children diagnosed with OI can improve and 
develop both their effort capacity and their movement capacity. The pursued objectives were: 
 to develop the effort capacity through activities performed in the aquatic environment; 
 to develop the movement capacity through programs adapted to the aquatic environment. 
2. Stage of knowledge 
The effort capacity or, to be more specific, the effort itself is known to be dependent on many factors: the 
involved energy sources, type of muscular fibres, coordination capacity, relaxation state and muscle elasticity, 
muscular strength, age, specific warm-up of the muscular groups to be exerted, all these aspects being also 
applicable when we refer to persons with OI. Because of the disorders associated to osteogenesis imperfecta and 
of its characteristics, the effort capacity and the movement capacity in the affected persons are very poorly 
developed. The frequent fractures and the lack of walking have for major consequence the muscular atrophy, 
which considerably limits any physical activity. From this perspective, the main goal is to administer the recovery 
program immediately after a surgical intervention or a period of immobilization, in order to regain as soon as 
possible the muscle-joint strength and stability. The program objective should be focused on the disabled person’s 
quick rehabilitation, so that he gets as close as possible to the level he had before the rest period.  
The effort capacity training aims at getting the body accustomed to perform a prolonged effort, under aerobic 
conditions (Sbenghe, 1987). The fundamental idea is to progressively start from a daily physical effort with a 
longer duration, in which many muscular groups are engaged in order to develop their endurance. From the 
intensity point of view, it should be at about 50% out of the subject’s maximal aerobic capacity or at a heart rate 
of 120-130 bpm. Depending on the subject’s training level, the effort duration can be comprised between 30 
minutes and 1 or 2 hours a day and the effort can be performed either on fragments or continuously. Regardless of 
the effort type or intensity, when the kinesitherapist works with children suffering from OI, he must rely on two 
basic principles: 
 to have in view what the child is able to perform, from the motor perspective, at the program initiation; 
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 to permanently cooperate with both the person suffering from OI and his family; they are the real experts in 
the field, they know the best their possibilities, they know what they can do and what they would like to do, all 
these representing the most important support of the implemented program (OI, 2001). 
Therefore, the parents of the children with OI play an extremely important role in their life. Besides the fact 
that they are the most valuable source of information for the kinesitherapist, parents also play the role of mediator 
between the child and the society. They have the responsibility to prepare their child from the psychological point 
of view, to get informed and to inform their child about the OI aspects and consequences on him. Theoretically, 
the parents of a child with OI have the same attributions as the parents of a healthy child. But, first of all, they 
must remain parents. Due to this additional role of mediator, parents’ reactions in the presence of a child suffering 
from OI become extremely important to him. 
To conclude, each recovery program for children with OI, either it is designed to improve their effort capacity 
or to improve their movement capacity, relies on parents, who must be calm, constructive and impartial in 
discussions and behaviour. They should represent a model to be followed by the children with OI and a source of 
information for them. 
3. Perspectives in the field 
Persons diagnosed with OI are recommended to practice physical exercises since an early age. Physical 
activity, directed and adapted to each child’s individual particularities, is necessary to ensure an optimum 
muscular tone, able to prevent or to delay the fracture incidence.  
Because in the water the body weight is absorbed, the bones, tendons and joints being submitted to a minimal 
pressure, training in the aquatic environment seems to be ideal for the children with OI. In the water, they do not 
fear the movement anymore, as they do in normal conditions. Automatically, the apparent loss of weight in 
immersion offers the advantage of the biomechanical release, which allows an optimum work for the movement 
capacity development. We can even notice that, through a constant and progressive training, these children can be 
advised to perform swimming as a performance sport and to participate in the competitions for persons with 
disabilities. They are thus provided an opportunity of social integration, necessary to their personality 
development. The achievement of such an objective will improve the psychological factor, by increasing 
children’s confidence in their own potential and by improving their self-image.  
Swimming is a physical activity with many formative valences and with beneficial influences on the body 
development, under both the somatic and functional aspects. For this reason, it is considered an important means 
for the goal fulfillment in physical education, sports and kinesitherapy (Vasile, 2010).  
Under the somatic aspect, the technical swimming procedures lead to a harmonious physical development that 
ensures the differentiated processing of the muscular groups and chains. Its effects on the locomotor apparatus are 
equally addressed to the movement amplitude increase, the muscle development and the diminution of muscular 
contractures (Vasile, 2010). Swimming also leaves its mark on the cardiovascular system, by developing a typical 
heart - bradycardia (low heart rate at rest) and hypertrophy. The increased cardiac output, the increased quantity 
of blood in the body, the increased systolic pressure due to the myocardium augmented contraction force and to 
the circulating blood volume, the increased blood flow volume and blood circulation speed, the ventricular wall 
hypertrophy, all these represent the body adaptive modifications after the systematic practice of a swimming 
program over a long period of time (Vasile, 2010). Swimming also influences the respiratory system, by 
developing the thorax and the inspiratory muscles, by diminishing the respiratory rate at rest (as compared to a 
non-trained person), by increasing the respiratory output (minute - respiratory volume) up to 200 l/minute and by 
improving the respiratory amplitude, which facilitates an increase of the thoracic ampliation (differences of the 
thoracic perimeter in maximal expiration and breathing,  according to Marinescu, Bălan, 2008; Vasile, 2010).  
4. Utilitarian applications 
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Regardless of the applied methods in order to develop the capacity of effort and movement in persons with OI, 
the implemented programs should rely on the progressivity principle. The effort grading will be achieved by 
taking into account three didactic principles: from simple to complex, from easy to difficult and from known to 
unknown, so that the programs have maximal effects and the participants are safe from injuries or overexertion. 
The program will contain well-determined means, arranged so that the goal can be reached. 
According to the general indications, the training program implementation must include three stages (Cordun, 
1999). A preparatory stage, which aims at creating the physiological and psychological conditions necessary to 
the general and local preparation of the elements and structures that are to be exerted during the effort. A 
preliminary stage, in which the subject learns either to use the devices and different aids - in the assisted-active 
mobilization, or to oppose resistance - in the resistive mobilization; in our case, subjects learn to feel the water 
and to correctly perform the movements, by being aware and by making the difference between the resistance 
period and the relaxation period specific to swimming. A stage for the execution of the target-program that, in 
order to fulfill its goal, must be adapted to the subject’s possibilities and functional capacities. 
As we mainly refer to children, because the implemented programs have a maximal effect particularly at small 
ages, programs will be focused on play. Play represents “child’s work” and has an extremely important role in the 
construction of his personality. For the child, play becomes a serious activity, where the real is assimilated 
according to some precise rules, even if they are self-imposed (Stănescu, Ciolcă & Urzeală, 2004). In order to 
produce the expected outcomes, play must be adapted to children’s necessities and competences. Its duration 
should be established in conformity with the child’s condition, so that it does not become boring or, at the 
opposite side, it does not finish before the goal completion. The kinesitherapist’s active participation in children’s 
play represents an extra-motivation for them. This also facilitates his own work because, as a participant in their 
play, he can guide them much more easily to the fulfilment of the goal (Epuran et al., 2006).   
Swimming, like other endurance sports, is associated to a long healthy life. Systematically and consciously 
performed, it has extraordinary effects on the human body in its whole, even if the persons are normal or they 
suffer from OI. 
Movement in the water, based on a certain technical procedure, is performed with the limbs. The upper limb 
motions are called arm strokes or paddling. In all the styles, they have a propulsion role. The lower limb motions 
are called leg strokes, kicks or beats. They have a propulsion role in breaststroke and the role of maintaining a 
high body position in butterfly, freestyle or backstroke. In freestyle and backstroke, kicks reduce the side 
movements generated by the alternate arm paddling. 
Since the moment when the subject starts practicing swimming, there is an adaptation period characterized by 
the fact that the oxygen consumption is greater than the oxygen intake. The body predominantly sustains the 
energetic requirements through procedures that provide energy in an anaerobic way. The oxygen maximal 
capacity of absorption and utilization increases in the course of time, due to the circulatory system adaptation and 
to the augmentation of the cardiac output vital capacity. In time, the body is submitted to an aerobic adaptation 
that induces significant modifications in subjects’ physiological structure and that can be measured through the 
maximal oxygen consumption (VO2max). Even if the maximal oxygen consumption is hereditarily determined in 
a proportion comprised between 86 and 93%, it can be considerably improved through swimming (Vasile, 2010). 
Therefore, adaptation refers to the modifications occurring in the human body, from the physical, physiological 
and psychical points of view, as a consequence of the training effort influence on the effort capacity increase. 
The difference between endurance and resistance is: resistance represents the athlete’s possibility to perform 
an intense effort for a relatively short period of time, which leads to an oxygen debt, while endurance represents 
the athlete’s possibility to perform an effort of average intensity for a long time, with a relative cardiovascular 
easiness, the gas exchanges remaining balanced and the oxygen debt being modest. Endurance is influenced by 
the involved energy sources, the type of muscular fibers, the coordination capacity, the relaxation state and the 
muscle elasticity, the age and the specific warm-up of the structures engaged in the effort. The implemented 
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program (training) will become efficient only if it is systematically performed over a long period of time. Many 
of the prescribed exercises have an activating role and stimulate the onset of some adaptive biochemical 
modifications. Internal and external adaptive modifications induced by different exercises potentiate the physical 
aptitudes and develop the motor qualities, therefore they automatically develop the subjects’ capacity of effort 
and movement. 
Participants’ evaluation will be made prior to the program implementation, periodically during the program 
administration and also at the program completion. Subjects will be submitted to efforts with different durations 
and degrees of biomechanical complexity (swimming on different distances or in a given time interval, execution 
of some procedures or gliding exercises by specifying the maximal number of repetitions and the body segments 
to be used) (Cordun, 2010).  
Together with swimming, the recovery program may include aquatic gymnastics or an innovative means, the 
adapted bike, which represents our own invention that will be proposed to be used immediately after the project 
completion. 
Our original proposition aims at developing the effort capacity without any prejudice to the functional 
condition of the children suffering from OI who will use it. The bike is still in the stage of project, so it cannot be 
found in the rehabilitation centres. It will be adapted according to the existing model already used within the 
Aqua Bike classes and it will be adjustable, so that it corresponds to the cyclic movement specific to each child 
with OI. It will be attached with a support to the bottom of the pool and it will be functional only in pools with 
shallow water, which does not exceed the chest level.  
The programs applied in the case of OI are different from those applied in other types of limiting deficiencies 
only through the fact that they are adapted to what the children with OI can specifically do and to their condition. 
Even if they are based on generally valuable methods used in the aquatic environment, the implemented programs 
are particular, due to the children’s fragility. We cannot make a comparison between the children with OI and 
those suffering from other deficiencies, because osteogenesis imperfecta is a rare disease, that is why little things 
are known about it and few researches are focused on it at the international level. The specialized centres 
throughout the world make attempts to discover and adapt new and efficient methods, which can lead to their 
social integration and enable them to reach the performance of becoming functionally independent. Our program 
tries to cope with the children’s possibilities to succeed in overcoming their condition, in developing a positive 
thinking able to build up a strong child, eager to courageously face this incurable disease. The brittle bones 
represent the biggest problem for these children and it cannot be compared to the condition of any other type of 
disability. The program must be structured and applied over a much longer period of time, even during their entire 
lifespan, as compared to other diagnoses, because the fractures may result even from a simple sit up in bed, if the 
child’s muscles are not prepared and adapted to move. Any brutal movement may generate a fracture or a joint 
exertion that imminently leads to immobilization. The main issue results from the lack of movement and from the 
fact that these children are overprotected by their parents.   
To conclude, through the implemented program we aim at both increasing the children’s self-confidence and 
constructing their strong psychology, through which they can go beyond and leave behind any obstacle or 
problem susceptible to emerge during the recovery program. We should not forget that, in these children, the 
simple fact that they can move in the aquatic environment without the risk of fractures represents their most 
important achievement.  
The originality of this paper is represented by the aquatic bike, which is, for the moment, in progress. This will 
be a bike strictly adapted to these children’s movement possibilities. Because they have problems at the hip joint 
level, because there are differences between their limbs and they also present a genu valgum, they are hindered to 
pedal on a normal bike, reason for which the creation of a mechanism that will lead to the development of their 
capacity of effort and movement is compulsory. The bike will be adjustable on the frontal and sagittal planes and 
will fit to the natural movement of the child with OI, regardless of his leg position. More details cannot be 
72   Sabina Macovei and Radu-Ştefan Mandache /  Procedia - Social and Behavioral Sciences  117 ( 2014 )  67 – 73 
provided at this moment, because the bike has not been constructed yet. Our research is in the initial phase and it 
still requires complex studies and discussions. 
Example of program for the children suffering from OI: 
 The beginner child, who cannot perform any movement (big problems related to his mobility and to the 
reduced joint stability, because of his muscular atrophy and his numerous fractures): 
 We aim at getting him accustomed to the aquatic environment through the means specific to swimming 
(effective time - minimum 6 month, so that he gets confidence); 
 Meanwhile, each time before they go into the water, children are submitted to passive and passive-active 
mobilizations, in order to tonify their muscles and also to increase their self-confidence – an aspect that is 
totally ignored in the case of children with OI; 
 By the end of the program meant to get the child accustomed to the water, when his muscles have started 
being tonified, we approach the actively performed exercises that mainly aim at tonifying his muscles and at 
developing his joint stability; 
 Once accustomed to the water, the child starts the program for the general tonification of his muscles through 
swimming – the training sessions are specific to swimming and are focused on the general development of the 
muscles which enable the improvement of the capacity of effort and movement; 
 When the child reaches the stage which allows us the implementation of the training sessions meant to 
develop his capacity of effort and movement, we can apply the specific program for the development of this 
capacity, which is based on the endurance workouts through swimming and on the bike adapted to the aquatic 
environment for children with OI. 
 The child who completed the previously mentioned programs and has reached a level allowing a more intense 
exertion of his body: 
o The implemented program aims at developing the capacity of intensive effort and movement; 
o The program consists of maintaining an optimum tone for the application of endurance training sessions 
through exercises for the muscle tonification, which involve all the muscular groups (they will be performed 
between the endurance workouts and will be applied in the recovery gym on dry land); 
o Endurance training sessions are performed 3 times a week and involve, in the case of the child who has 
already accumulated 2 years of swimming, swims on at least 2,000 m/ training; the training sessions have an 
average intensity that does not exceed the 150 pulse during the effort; 
o In parallel with the swimming training sessions, we progressively introduce the bike, by gradually increasing 
the training intensity and duration – we start from training sessions performed at low intensities and short 
durations, then we pass to training sessions with a longer duration and a low intensity and we aim at passing to 
the interval training sessions, which exert and lead to an accentuated development of the effort capacity; 
o On dry land, we also aim, through the mobility exercises performed by the children, at developing their 
movement capacity; these exercises are supplemented by the work in the water, which leads to a harmonious 
development of the mobility in children suffering from osteogenesis imperfecta.  
5. Conclusions 
Children with osteogenesis imperfecta can integrate among the normal children, with a little help and goodwill 
received from the people around them. The development of the capacity of effort and movement represents a 
common objective for them and the other children, that is why the implemented program oriented toward the goal 
achievement can be performed by a group of subjects including both children with OI and healthy children.  
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The most efficient setting to develop the capacity of effort and movement and to improve the quality of life in 
children suffering from osteogenesis imperfecta is the aquatic environment. Through a carefully structured 
program the children are aware of and which is performed by them in the aquatic environment, both their effort 
capacity and their movement capacity can be improved, therefore they will enjoy a better quality of life.  
The fulfillment of these objectives will be accompanied by an improvement of the psychological factor, which 
represents a major problem for the children suffering from OI.  
Each recovery program for children with OI, either it is designed to improve their effort capacity or to improve 
their movement capacity, relies on parents, who must be calm, constructive and impartial in discussions and 
behavior. They should represent a model to be followed by the children with OI and a source of information for 
them. 
Because of the disease specificity or, more exactly, of the increased incidence of fractures, the physical activity 
performed by these children is much limited. That is why we try to support them by means of the adapted bike, 
through which the children can diversify their physical activity, extremely necessary to them. 
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